A typical example of sleep deprivation is insomnia. In recent decades, there have been an increasing number of patients who are claiming insomnia regardless of age, and the causes are not limited, however, daily influencing life environments such as smartphone use, light noise, overwork, and the presence of absence of diseases can be cited.
J MM mass index, sex hormone, and chronic consumptive disease such as pulmonary diseases are the major causes of osteoporosis. 10~14 Thus, the cause of osteoporosis in women may be slightly different with in men, however, the quality of sleep is an important factor in the development of osteoporosis. 15, 16 Certainly, it is expected that there are hidden important links between sleep and osteoporosis, and there are effective mechanisms that can break the vicious cycle between the 2.
Possible Causative Factors of Bone Mass Deficit in Subjects with Insomnia
1. Hypothalamo-pituitary-adrenal (HPA) axis regulation Stressors are imminent or perceived challenges to homeostasis in human. Our body is trying to restore the nonstressed homeostatic set point from any specific stress factors. Monoamine, cytokines, glutamate, γ-aminobutyric acid (GABA) and other central mediators have main roles in the normal stress response. In this context, corticotropinreleasing factor (CRF)/HPA axis and the sympathomedullary systems play a very important role in the regulation of the physical and psychological balance in body. Since HPA axis regulation is based on the principle of negative feedback system, it reacts by stress condition like insomnia, it secretes adrenal hormone to relieve this stress and reduces the secretion again when the cause is removed. However, if insomnia persists and stress factors are not removed, the secretion of adrenal hormone persists and body homeostasis is greatly affected. A research study demonstrated that sleep deprivation could increase cortisol concentration, which might decrease bone formation and bone mineral density (BMD). 17 Moreover, there have reported that short sleep or long regulated in elevated pro-inflammatory cytokines, which subsequently increased osteoclast activity that insomnia is related to osteoporosis.
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Sympathetic system
Stress is the disturbance of the complex dynamic equilibrium that all organisms must maintain, and is associated with activation of the stress system comprising of the HPA axis and the arousal/sympathetic nervous systems. 23 As mentioned earlier, the stress system functions on a baseline circadian fashion and interacts with other systems in the organism to regulate diverse behaviors, endocrine, metabolic, immune and cardiovascular functions, and this chronic stress condition may lead to several psychopathologic conditions, metabolic syndrome, and osteoporosis. 23 In mice experiment, mice were exposed to various severe stressors for 2 weeks, and the mice showed bone loss mediated by catecholaminergic system, as it could be improved by β-blocker. 4, 25, 26 The function of the subgenual prefrontal cortex is moderately diminished during general stress to disinhibit these loci. This disinhibition enhances anxiety and physiological hyperarousal, while diminishing appetite and sleep. 25, 27 In addition, Kuriyama et al. 28 have directly confirmed that short sleep was closely associated with a decline in cortical bone thickness by enhanced bone resorption and sympathetic nervous system hyperactivity in the middleaged group.
Sleep and hormones
(1) Orexin Orexin-A and -B (also known as hypocretin-1 and -2)
are neuropeptides secreted in the lateral hypothalamus that stimulate wakefulness, feeding, thermogenesis, and reward behaviors. 29, 30 Orexin deficiency in humans causes behavior abnormalities including sleep and mood disorders. 31 Orexin deficiency and sleep disorders are also frequently related with major mood disorders such as depression. 32, 33 They 45 A circadian misalignment between behavior and circadian timing is known to lead to lower overall leptin levels suggesting that leptin responds to the endogenous circadian clock independently of some behaviors like feeding. 45, 46 It is also reported bone density, fertility and body weight regulation by leptin level. As described in the sympathetic system section, leptin may influence the interactions between central and peripheral signals. In case of hypoleptinemia disturbed control of appetite and hormonal dysfunction as well as has implications for the hypothalamopituitary-gonadal axis, BMD and physical hyperactivity.
Since leptin and orexin are very associated with sleep, eating, and bone density, 31, 47 it is necessary to further study about the sharing signaling to medicate the symptoms. 
(5) Melatonin
Melatonin has widely known to have beneficial actions through anti-inflammatory, anti-oxidative stress, and bonepreserving effects. In addition, melatonin is known to be relatively safe than other sleeping aids and is widely used in patients with insomnia. 49 Melatonin treatment enhanced mesenchymal stem cells by upregulation of AMPK, FOXO3a, and RUNX2 responsible for the mechanistic link between oxidative stress and osteogenic phenotype. 50 Also, melatonin promoted osteoblast differentiation in primary bone marrow mesenchymal stem cells from ovariectomized (OVX) mice. It also reduced activation of NLRP3 inflammasome in femoral bone protein and in induced osteoblasts stimulated by OVX. 51 The intake of antiinflammatory and antioxidant melatonin is thought to be beneficial not only for induction of sleep but for bone metabolism, and should be studied for more mechanisms.
Alternative medicines for sleep and osteoporosis
Although the markets for sleeping pills and anti-osteoporosis drugs are enormous, many patients suffer additional pain due to various side effects of drugs, abnormal behaviors, and high irritability to gastrointestinal tract.
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According to Jung' s report 53 , zolpidem overdose and patient suicide with benefits and disadvantages of pharmacotherapy.
Adverse effects concerning the central nervous system, including delirium and hallucination, as well as abnormal be- 
